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@ Apparatus for insertion of overhead protocol data into a switched data stream. 

@ An apparatus that provides two different sour- 
ces for generating the bytes to be inserted into 
frames of data being communicated through a 
switching unit This apparatus allows for the 
insertion of variable, programmable data pat- 
terns in multiple frames. Under program control 
of a controller, the first source can selectively 
write data into designated time slots within 
designated rows and designated frames of mul- 
tiple frames. Different data can be inserted into 
different rows of the same column of each 
frame. In addition, different data for different 
frames can be inserted into different rows of the 
same column. Also, the same data can be inser- 
ted into designated a row and column of a 
designated frame. The second source can write 
data into every row of a designated column of 
every frame. 



o 
o> 

o 

CO 
CD 



UJ 



Jouve. 18. rue Sairrt-Oenb. 75001 PARIS 



1 



EP 0 639 904 A2 



2 



Background of the Invention 

In broadband telecommunication networking, 
there are two emerging standards: synchronous opt- 
ical network (SONET) and synchronous digital hierar- 
chy (SDH). While SONET is the wideband data net- 
working standard in the United States, SDH is accept- 
ed as the international wideband standard for the net- 
work node interface. Services based on these fast 
transmission standards will replace services based 
on current independently clocked plesiochronous 
networks. SDH defines the international standard for 
the network node interface, the point where existing 
plesiochronous signals are adapted to the synchron- 
ous hierarchy. SONET is its United States subset 
Differences do exist between SONET and SDH; and 
in addition, both standards are evolving and adding 
new features. Within SDH, the basic module of data 
is the synchronous transport module (STM-1) frame. 
The STM-1 frame is the primary transmission unit of 
the SDH hierarchy and operates at a speed of 
1 55.520 Mbps. Each STM-1 frame has 9 sets of time- 
slots with each set having 270 timeslots. Within a 
time slot interchange unit, a STM-1 frame is convert- 
ed into a matrix of data bytes with each row being a 
set of timeslots and a column consisting of all occur- 
rences of an individual timeslot in all rows. The result- 
ing matrix has 9 rows and 270 columns. The STM-I 
frame consists of a section overhead, SOH, of ap- 
proximately 5.184 Mbps and a payload of 150.336 
Mbps. The SOH of the STM-1 frame is reserve for 
SDH management, while the payload contains the in- 
formation to be transmitted by customers. 

STM payloads carry information in the form of vir- 
tual containers, VCs, as defined by the CCITT recom- 
mendation G.709. Plesiochronous signals from con- 
ventional digital networks are adapted to the higher 
container byte rates by means of inserting (also refer- 
red to as stuffing) bytes. These inserting facilities are 
provided to adapt the plesiochronous signals to the 
synchronous network clock. Additional information 
called path overhead, POH, is added to the container 
to convert it into a VC. The POH contains information 
for control, supervision, and maintenance of the 
transmission network. 

To achieve the full flexibility of SDH, a switching 
system must be able to insert bytes into the STM-1 
frames. Given the flexibility that is provided by SDH, 
it is not always possible to predict which bytes will 
need to be replaced for future uses of STM-1 frames. 
Further, the STM-1 frame provides spare channels 
whose use may well require the insertion of bytes in 
future applications. In addition, a POH of a VC re- 
quires different bytes to be stuffed in different STM- 
1 frames of an STM-1 multiframe. Prior art systems 
have allowed for minimal flexibility in the bytes to be 
inserted and have required that the inserted bytes be 
the same for each frame. Clearly, there exists a need 



for a system which has sufficient flexibility in the in- 
sertion of bytes for protocol purposes that will allow 
for future applications of SDH. 

5 Summary of the Invention 

The foregoing problems are solved, and a techni- 
cal advance is achieved by an apparatus that pro- 
vides two different sources for generating the bytes 

10 to be inserted into frames of data. Advantageously, 
this apparatus allows for the insertion of variable, pro- 
grammable data patterns in multiple frames. Under 
program control of a controller, the first source can 
selectively write data into designated time slots within 

15 designated rows and designated frames of multiple 
frames. Different data can be inserted into different 
rows of the same column of each frame. In addition, 
different data for different frames can be inserted into 
different rows of the same column. Also, the same 

20 data can be inserted into designated a row and col- 
umn of a designated frame. The second source can 
write data into every row of a designated column of 
every frame. 

25 Brief Description of the Drawing 

FIG. 1 illustrates, in block diagram form, a system 

for implementing the invention; 

FIG. 2 illustrates, in block diagram form, a time- 

30 slot interchange in accordance with the invention; 

FIG. 3 illustrates the relationship of data being 
communicated through the timeslot interchange 
of FIG. 1 in terms of multiple frames; 
FIG. 4 illustrates the routing memory of FIG. 2 

35 and the format of a word in this memory; 

FIG. 5 illustrates, in logic diagram form, the sub- 
stitute memory of FIG. 2. 
FIG. 6 illustrates the format of each word of the 
register memory of FIG. 5; 

40 FIG. 7 defines the functions of field 601 of FIG. 

6; and 

FIG. 8 defines the functions of data source con- 
trol 209 of FIG. 2. 

45 Detailed Description 

FIG. 1 shows a digital access cross-connect sys- 
tem (DACS) which implements the SDH protocol. As 
data is received in timeslots by timeslot interchanges 

so (TSIs) 101 through 106 from input links 120 through 
122 via input optical interfaces 111 through 113, the 
data is transferred to different timeslots if required for 
the switching of the data by the TSIs. From TSIs 101 
through 106, the data is transferred to time multiplex 

55 switch (TMS) 108. The TMS then transfers the data 
to the appropriate one of TSIs 1 04 through 1 06 which 
also transfer the data to different timeslots if re- 
quired. From TSIs 104 through 106, the data is trans- 
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f erred to output links 123 through 125 via output opt- 
ical interfaces 116 through 118. Input optical interfac- 
es 101 through 103 convert the STM-1 155 Mbps ser- 
ial data stream to the byte column format that is de- 
scribed with respect to FIGS. 2 and 3. Output optical 
interfaces 104 through 106 perform the reverse op- 
erations. The input and output interfaces can utilize 
only electrical components. In the DACS illustrated in 
FIG. 1, controller 107 provides overall control of the 
DACS. 

TS1 101 is illustrated in greater detail in FIG. 2. As 
data is received on data-in bus 213, it is stored into 
data memory 201 under address control of counter 
208. Counter 208 generates the timeslot sequence of 
the incoming data. If no bytes are being inserted, the 
data transmitted on data-out bus 21 2 is taken from 
data memory 201 with the address being supplied 
from routing memory 203. The address supplied from 
routing memory 203 defines the new timeslot for 
each byte of data. 

The address information in routing memory 203 
is stored by microprocessor 210 via microprocessor 
interface 204. Data memory 201 consists of two 
halves with one half being loaded with information 
while Information is being extracted from the second 
half. Routing memory 203 consists of an active half 
and a standby half. Microprocessor 210 controls 
which half of the memory will be the active by trans- 
mission of a signal to routing memory 203 via cable 
206 and microprocessor interface 204. The active half 
is accessed by the address on bus 214 which is the 
contents of counter 208 which is generating the time- 
slot number currently being processed for incoming 
data. Microprocessor 210 via microprocessor inter- 
face 204 writes data into the standby half of the rout- 
ing memory utilizing addresses which are transmitted 
on bus 206. Once microprocessor 21 0 has written the 
proper information into the standby half of routing 
memory 203, microprocessor 210 will signal via bus 
206 that the standby half is to become the active half. 

Data source control 209 controls multiplexer 205 
which determines which of the three memories will be 
utilized for transmission on data-out bus 212. If data 
is to be inserted into the data stream being transmit- 
ted on data-out bus 212, this data comes from sub- 
stitute memory 202 or routing memory 203. Data 
source control 209 is responsive to information re- 
ceived from substitute memory 202 and routing mem- 
ory 203 to make this decision. 

Before proceeding further with the discussion of 
how bytes are inserted from either substitute memory 
202 or routing memory 203, it is necessary to consid- 
er how the SDH protocol views the transmission of 
data. As previously mentioned, data is transmitted in 
STM-1 frames. Four frames are combined into a su- 
per frame previously referred to as a multi frame. FIG. 
3 illustrates four frames and gives greater details on 
the composition of frame 0. A frame consists of nine 



rows, such as rows 302. Each row consists of 270 
timeslots. Within the protocol, there is the concept of 
column which is illustrated in FIG. 3 by columns 301. 
For example, all timeslots 0 as illustrated in frame 0 
5 make up column 0. Data memory 201 of FIG. 2 stores 
one row of a frame at a time. Routing memory 203 
provides the necessary control to interchange time- 
slots within a row as that row is output ted on data-out 
bus 212 from data memory 201. Each timeslot con- 
to sists of one byte of data or protocol. Whereas, data 
memory 201 has only one row of information that can 
be transmitted out on data-out bus 212, if the con- 
tents of routing memory 203 are utilized as data, then 
the bytes designated to be used as data are repeated 
15 each row of every frame. Substitute memory 202 has 
even greater flexibility in accordance with the inven- 
tion. This flexibility is described with respect to FIG. 
5. 

FIG. 4 shows the layout of routing memory 203 

20 and the format of words stored within routing memory 
203. Note, that routing memory 203 actually has two 
halves. One half is loaded by microprocessor 210 
when it is necessary to change the contents of routing 
memory 203. From the other half, data/addresses are 

25 extracted to be utilized for control of data memory 
201 or to be transmitted on data-out bus 212. 

FIG. 5 illustrates in greater detail the internal 
structure of substitute memory 202. FIG. 6 illustrates 
the word format of register memory 508 of FIG. 5, and 

30 FIG. 7 illustrates the operations defined by field 601 
of FIG. 6. Substitute memory 202 is capable of insert- 
ing a byte of data into any timeslot of any row and 
frame of the super frame illustrated in FIG. 3. To ac- 
complish this capability, substitute memory 202 de- 

35 tects rows and frames and through an interaction with 
routing memory 203 detects timeslots. If substitute 
memory 202 is not to insert a byte of data for a par- 
ticular timeslot in a given row and frame, then the 
substitute select signal transmitted by AND gate 504 

40 via conductor 21 9 to data source control 209 is false. 
In response, data source control 209 then Interro- 
gates the default select byte of FIG. 4 from routing 
memory 203. If this bit is a zero, then the byte of data 
is taken from data memory 201; however, if the de- 

45 fault select bit is one, address/data field 402 of routing 
memory 203 is used as data to be transmitted on 
data-out bus 212. 

As previously noted, the decision of whether data 
is taken from substitute memory 202 is determined by 

so the output of AND gate 504 which generates the sub- 
stitute select signal. AND gate 504 requires three con- 
ditions to be true, before it signals that data is to be 
taken from substitute memory 202. First, substitute 
address field 401 of routing memory 203 for the cur- 

55 rent timeslot must designate that data will be taken 
from substitute memory 202. Substitute address field 
401 is decoded by substitute decoder 502 which 
transmits a signal to AND gate 504 via conductor 527 
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if data is to be taken from substitute memory 202. The 
last two conditions for AND gate 504 to be satisfied 
are determined by the word that is accessed from reg- 
ister memory 508 by substitute address field 401 
from routing memory 203. The word format for words 
stored in register memory 508 is illustrated in FIG. 6. 
Field 601 specifies the row number that must be 
matched before row detector 509 enables AND gate 
504 via conductor 537. Field 602 defines the frame or 
frames that must be matched by frame detector 505 
with respect to frame counter 511 before frame detec- 
tor 505 enables AND gate 504 via conductor 538. If 
these three conditions are met, then data is taken 
from substitute memory 202 via multiplexor 515. 

Consider now the details of substitute memory 
202. Substitute memory 202 has two memories: reg- 
ister memory 508 and data memory 512. Data mem- 
ory 512 consists of twelve columns of data with each 
column having nine words. These nine words directly 
relate to the nine rows shown in FIG. 3 for each frame. 
Register memory 508 has one word associated with 
each column of data memory 512. The format of this 
word is shown in FIG. 6. For each timeslot, routing 
memory 203 accesses a word whose format is illu- 
strated in FIG. 4. Substitute address field 401 of that 
word is utilized to address register memory 508. Note, 
that substitute decoder 502 determines whether a 
valid column has been designated by substitute ad- 
dress field 401. Once the word has been accessed 
from register memory 508, field 602 of this word is 
matched with the current frame by frame detector 
505. Any combination of frames 0 through 3 can be 
indicated by field 602. This allows the flexibility of re- 
peating the same pattern from a given column of data 
memory 512 in a plurality of frames. Recall that there 
are only four frames in the super frame illustrated in 
FIG. 3. Row detector 509 then checks to see if the cur- 
rent row is specified in field 601 of the word being ac- 
cessed from register memory 508. As illustrated in 
FIG. 7 which defines the functions of field 601 , an in- 
dividual row can be designated in field 601, alt rows 
can be designated for this particular timeslot, or se- 
quence rows and frames. 

First, consider how individual rows are ad- 
dressed. If row detector 509 detects in response to 
field 601 that only a single row is to output data for a 
particular timeslot, then row detector 509 transmits a 
true signal to AND gate 504 when the designated row 
occurs. Row counter 501 Is continuously accessing 
data memory 512 with the row number. Since row de- 
tector 509 only detects this particular row, information 
is transmitted from substitute memory 202 for the oc- 
currence of this particular row. The frame or frames 
during which the information is transmitted are des- 
ignated by field 602 of the word being accessed from 
register memory 508. This frame designation from 
the accessed word is matched with the output of 
frame counter 511 by frame detector 505. The frame 



designation can be any combination of the four 
frames of the super frame. In the case where field 601 
indicates an individual row, multiplexor 503 under 
control of sequencer 51 0 selects the output of substi- 
5 tute decoder 502 which is the column of data memory 
512 designated by substitute address field 401 of the 
word currently being accessed from routing memory 
203. 

Second, consider where field 601 specifies that 

10 ail rows are to be selected which is a "1100" in field 
601. When row detector 509 receives this configura- 
tion of bytes, it continuously transmits a "1" to AND 
gate 504. For each frame that frame detector 505 
matches with field 602. the information from substi- 

is tute memory 202 is utilized for transmission on data- 
out bus 212. Note, that the substitute address field 
401 had to be selecting a valid word within register 
memory 508 for the select-all rows indication to be 
output ted in field 601; hence, substitute decoder 502 

20 is outputting a true signal to AND gate 504 via con- 
ductor 527. Given these conditions, each word in the 
selected column is out put ted on bus 216 as each 
word is selected by the appropriate row address re- 
ceived via bus 525. 

25 The third function of field 601 is to sequence rows 

and frames. If this Is specified and column 522 is spe- 
cified in substitute address 401, information from col- 
umn 519 Is utilized for frame 0 of FIG. 3, information 
from column 520 is utilized for frame 1, information 

30 from column 521 is utilized for frame 2, and informa- 
tion from column 522 is utilized for frame 3. The 
frames designation is defined in FIG. 3. This se- 
quencing is handled by sequencer 510 which also 
controls multiplexor 503 so that the column selection 

35 information is taken from sequencer 510 for multi- 
plexor 51 5 rather than from substitute decoder 502. 
These three functions of field 601 are now described 
by way of examples in the following paragraphs. If 
substitute memory 202 is not utilized for supplying 

40 data for transmission on data-out bus 212, then sub- 
stitute address field 401 of the word being accessed 
from routing memory 203 does not specify a valid col- 
umn in data memory 512. This results in the substi- 
tute select signal transmitted by AND gate 504 on 

45 conductor 219 being false. In response to a false sig- 
nal being transmitted on conductor 21 9, data source 
control 209 In accordance with the table of FIG. 8 se- 
lects information either from data memory 201 or 
routing memory 203 depending upon the state of the 

so default select bit of the word being read out of routing 
memory 203 as illustrated in FIG. 4. 

Consider the example where a byte from timeslot 
2 of row 2 of column 518 is to be inserted in frames 
0 and 2. This example illustrates the first function of 

55 FIG. 7. Microprocessor 210 via microprocessor inter- 
face initializes this function by writing a word in reg- 
ister memory 508 associated with column 518 with 
the following information. Field 601 is set equal to 
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"0010* and "1's" are placed in the frame 0 and frame 
2 subfields of field 602. In the word of routing memory 
203 associated with timeslot 2, microprocessor 210 
writes into substitute address field 401 address infor- 
mation to address the word in register memory 508 5 
associated with column 518 of data memory 512. As- 
suming that the byte in data memory 201 will be util- 
ized unless the conditions are timeslot 2 in row 2 of 
frames 0 or 2, microprocessor 21 0 sets the default se- 
lect bit equal to zero in the word of routing memory io 
203 addressed by timeslot 2. When timeslot 2 occurs 
in frame 0, the above formatted word is read out of 
routing memory 203, and the substitute address field 
401 accesses register memory 508. In addition, sub- 
stitute decoder 502 sends a true signal to AND gate is 
504 via conductor 527 in response to the accessed 
word. When row 2 is currently being processed, row 
detector 509 matches field 601 with the output of row 
counter 501 being transmitted via bus 525. Row de- 
tector 509 transmits a true signal to AND gate 504 via 20 
conductor 537. When frame 0 is currently being proc- 
essed, frame detector 505 matches the contents of 
frame counter 511 and the bit indicating that frame 0 
is to be active in field 602 and transmits a true signal 
to AND gate 504. In response to these three signals, 25 
AND gate 504 transmits substitute select signal as a 
true signal to data source control 209 of FIG. 2 which 
conditions multiplexor 205 to accept data from substi- 
tute memory 202. The output of row counter 501 is 
utilized to access the words in data memory 512 as- 30 
sociated with row 2. Multiplexor 51 5 is responsive to 
these access bytes to transmit the word from column 
518 which is specified by the output of multiplexor 
503. Sequencer 510 is responsive to the substitute 
address field 401 specifying row 2 to condition multi- 35 
plexor 503 via conductor 532 to select the output of 
substitute decoder 502 on bus 526. The contents of 
bus 525 specify that column 518 is to be selected. 
Similar operations are performed for timeslot 2, row 
2, and frame 2. All other combinations of timeslots 40 
and rows and frames do not cause the byte contained 
in column 518, row 2 to be transferred to multiplexor 
205 via bus 216. 

The second example deals with the command in 
field 601 of FIG. 6 which results In all bytes of data 45 
from a particular column in data memory 512 being 
transmitted out on data-out bus 212. This is the sec- 
ond function listed in FIG. 8. This example assumes 
that for timeslot 0 and frame 0, data is to be transmit- 
ted for each row from data memory 51 2 onto data-ou t so 
bus 21 2 via multiplexor 205. In the word associated 
with timeslot 0 in routing memory 203, microproces- 
sor 21 0 stores the address of column 518 in substitute 
address field 401. Microprocessor 210 then stores in 
the word associated with column 51 8 in register mem- 55 
ory 508 a word which has a "1* in frame 0 subf ield of 
field 602 and the bits '1100 - in field 601 which is the 
select-all row function designation. When timeslot 0 



and frame 0 occur, substitute address field 401 from 
routing memory 203 addresses the word associated 
with column 518 in register memory 508. Row detec- 
tor 509 is responsive to the select- all row indication 
in field 601 to transmit a true signal to AND gate 534 
regardless of what row is being accessed. Note, that 
row counter 501 addresses each byte in column 518 
associated with a particular row. Frame detector 505 
is responsive to the designation of frame 0 in field 602 
to transmit a true signal to AND gate 534 since frame 
counter 511 is indicating frame 0. Substitute decoder 
502 is responsive to substitute address field 401 to 
transmit a true signal to AND gate 504 since it is a val- 
id substitute address field 401. Sequencer 510 is re- 
sponsive to substitute address field 401 designating 
column 518 to transmit a signal via conductor 532 to 
multiplexor 503. In response, multiplexor 503 accepts 
the address being transmitted from substitute decod- 
er 502. Under control of the row address being trans- 
mitted on bus 525 from row counter 501 , the informa- 
tion accessed from data memory 512 Is transferred 
to multiplexer 515. Under control of multiplexor 503, 
multiplexer 515 transmits the data from column 518 
to bus 216. Since data source control 209 is receiving 
the substitute select signal as a true on conductor 
219, data source control 209 conditions multiplexor 
205 in accordance with the table of FIG. 8 to select the 
output of substitute memory 202 for transmission on 
data-out bus 2 12. This operation will be performed for 
all occurrences of timeslot 0 and frame 0. Any other 
combination of timeslots or frames will result in the 
above-described operation not being performed. 

Consider now an example where substitute 
memory 202 is utilized to output data on data-out bus 
212 that is different for each row and for each frame. 
This capability is designated as the sequence rows 
and frames function of FIG. 7. The ability to sequence 
through each of the four frames of a super frame is 
restricted to substitute address field 401 designating 
column 522 and the word in register memory 508 as- 
sociated with column 522 containing in field 601 all 
ones. When routing memory 203 and register mem- 
ory 508 have been properly initialized, the operations 
are as follows. Note, that the word associated with 
column 522 in register memory 508 must have all bits 
set in field 602 if the sequencing is to occur for every 
frame. In the present example, the sequencing 
through each of the four frames of the super frame 
will occur on the occurrence of timeslot 0 as is descri- 
bed in the following sentences. The result of this func- 
tion is that for each occurrence of timeslot 0 in frame 
0, row counter 501 sequentially accesses the bytes in 
column 51 9 and outputs these bytes on bus 21 6. Sim- 
ilarly, in frame 1, data is accessed from column 520 
for each row and occurrence of timeslot 0 and output- 
ted on bus 216. Similar operations are performed with 
respect to columns 521 and 522 and frames 2 and 3, 
respectively. 
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Consider now this example in greater detail. 
When the word associated with timeslot 0 is accessed 
from routing memory 203, substitute address field 
401 is transmitted to register memory 508. Stored in 
the access word of register memory 508 in field 601 
is "1111" which designates the sequence rows and 
frames function. Row detector 509 decodes this func- 
tion and transmits a signal to sequencer 510 via con- 
ductor 536. Sequencer 51 0 controls multiplexor 503 
to accept addressing information for multiplexor 515 
from sequencer 51 0 via bus 531 . Sequencer 510 con- 
trols multiplexor 503 by transmitting a control signal 
to multiplexor 503 via conductor 532. In addition, row 
detector 509 transmits a true signal to AND gate 504 
via conductor 537. Substitute decoder 502 is respon- 
sive to field 601 designating the sequence rows 
frames function to transmit a true signal to AND gate 
504 via conductor 527. Frame detector 505 is still re- 
sponsive to field 602 received via bus 528 from reg- 
ister memory 508 to determine which frames are in- 
cluded in the sequencing. If all frames are to be in- 
cluded, field 602 is set to all "1's\ Assuming that field 
602 is set to all "1 "s", frame detector 505 transmits a 
true signal to AND gate 504 via conductor 538 for 
each frame. 

Sequencer 510 is responsive to frame counter 
511 which is counting the frames of the super frame 
to transmit addresses to multiplexer 503 that select 
the appropriate column of data memory 512 for con- 
trolling multiplexor 515. For example, if the frame 
counter indicates frame 3, sequencer 510 transmits 
via bus 531 the address to select column 522. 

Each time timeslots 0 occurs, the output of row 
counter 501 on bus 525 is utilized to access data 
memory 512. Hence, for each occurrence of timeslot 
0, the row being accessed from the column being se- 
lected by the multiplexor 515 is transmitted on bus 
216 to multiplexor 205 where it is retransmitted on 
data-out bus 212. Data source control 209 is respon- 
sive to the substitute select signal generated by AND 
gate 504 being a true to select the output of substitute 
memory 202 in accordance with the table given in 
FIG. 8. As was previously described, the three inputs 
of 504 are true resulting in the substitute select signal 
being true. 

Although the previous example has assumed that 
field 602 Is set to "1 's\ this is not required, tf a partic- 
ular frame is not designated in field 602, frame detec- 
tor 505 transmits a false signal on conductor 538 to 
AND gate 504 for that frame. In response, AND gate 
504 transmits the substitute select signal as a false 
signal on conductor 534. Data source control 209 is 
responsive to the substitute select signal being false 
to condition multiplexor 205 to accept the output of 
either data memory 201 or routing memory 203 as de- 
termined by the default bit of the word associated with 
timeslot 0 being accessed from routing memory 203. 



Claims 

1. An apparatus for inserting variable data into a 
plurality of frames of data being communicated 

5 through a switching unit and each frame having 

a repeating plurality of sets of time slots which 
are the same plurality of sets as used by other 
ones of the plurality of frames with all sets having 
a repeating plurality of time slots which are the 
w same time slots as used by other ones of the plur- 

ality of sets in accordance with a predefined pro- 
tocol, and the apparatus comprising: 
CHARACTERIZED IN THAT 
means (210) for controlling the switching 

15 unit; 

first means (203) for variably inserting first 
data into a first designated time slot of all of the 
plurality of sets of ail of the plurality of frames 
upon being initialized by the controlling means; 
20 and 

second means (202) for variably inserting 
second data into ones of second designated time 
slots of first designated ones of the plurality of 
sets of first designated ones of the plurality of 
25 frames upon being initialized by the controlling 

means. 

2. The apparatus of claim 1 wherein the second 
designated time slots comprise only one time 

30 slot 

3. The apparatus of claim 2 wherein the first desig- 
nated ones of the plurality of sets is all of the plur- 
ality of sets and the second means comprises 

35 means (512) for storing the second data with the 

second data comprising a plurality of subunits 
with each subunit identified by an individual one 
of the plurality of sets and the subunits having 
been stored by the controlling means; and 
40 means (502-511, 515) for inserting each 

subunit identified by the individual one of the 
plurality of sets into the one of the second desig- 
nated time slots. 

45 4. The apparatus of claim 1 wherein the first desig- 
nated ones of plurality of sets comprise only one 
set. 

5. The apparatus of claim 1 wherein the first desig- 
so nated ones of the plurality of sets is all of the plur- 
ality of sets. 

6. The apparatus of claim 5 wherein the second 
means comprises means (512) for storing the 

65 second data with the second data comprising a 

plurality of subsets of data with each subset iden- 
tified by an individual one of the plurality of 
frames and each subset having a plurality of sub- 
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units with each subunit identified by an individual 
one of the plurality of sets and the subunits hav- 
ing been stored by the controlling means; and 

means (502-511. 515) for inserting each 
subunit into one of the second designated time 5 
slots identified by the individual one of the plur- 
ality of sets which is identified by a individual one 
of the plurality of frames 

7. A method for inserting variable data into a plural- to 
ity of frames of data being communicated 
through a switching unit and each frame having 

a repeating plurality of sets of time slots which 
are the same plurality of sets as used by other 
ones of the plurality of frames with all sets having is 
a repeating plurality of time slots which are the 
same time slots as used by other ones of the plur- 
ality of sets in accordance with a predefined pro- 
tocol, and the method comprising the steps of: 

CHARACTERIZED IN THAT 20 

controlling (210) the switching unit; 

variably inserting (203) first data into a 
first designated time slot of all of the plurality of 
sets of all of the plurality of frames upon being ini- 
tialized by the controlling step; and 25 

variably inserting (202) second data into 
ones of second designated time slots of first des- 
ignated ones of the plurality of sets of first desig- 
nated ones of the plurality of frames upon being 
initialized by the controlling step. 30 

8. The method of claim 7 wherein the second des- 
ignated time slots comprise only one time slot 



of subsets of data with each subset identified by 
an individual one of the plurality of frames and 
each subset having a plurality of subunits with 
each subunit identified by an individual one of the 
plurality of sets and the subunits being stored by 
the controlling step; and 

inserting each subunit into one of the sec- 
ond designated time slots identified by the indi- 
vidual one of the plurality of sets which is identi- 
fied by a individual one of the plurality of frames. 



9. The method of claim 8 wherein the first designat- 35 
ed ones of the plurality of sets is all of the plurality 
of sets and the step of inserting second data com- 
prises the steps of storing (512) the second data 
with the second data comprising a plurality of 
subunits with each subunit identified by an Indi- 40 
vidual one of the plurality of sets and the subunits 
being stored by the controlling step; and 

inserting (502-511, 515) each subunit 
identified by the individual one of the plurality of 
sets into the one of the second designated time 45 
slots. 



10. The method of claim 7 wherein the first designat- 
ed ones of plurality of sets comprises only one 

set so 

11. The method of claim 7 wherein the first designat- 
ed ones of the plurality of sets is all of the plurality 
of sets. 

55 

12. The method of claim 11 wherein the step of insert- 
ing second data comprises storing the second 
data with the second data comprising a plurality 
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